Background: Successful endotracheal intubation requires mental activity and no less important physical activity from the anesthesiologist, so ergonomics of used devices is important. The aim of our study has been to compare 4 laryngoscopes regarding an operator's activity of selected muscles of the upper limb, an operator's satisfaction with used devices and an operator's fatigue during intubation attempts. Material and Methods: The study included 13 anesthesiologists of similar seniority. To measure muscle activity MyoPlus 2 with 2-channel surface ElectroMyoGraphy (sEMG) test device was used. Participant's satisfaction with studied devices was evaluated using Visual Analog Scale. An operator's fatigue during intubation efforts was evaluated by means of the modified Borg's scale. Results: The highest activity of all the studied muscles was observed for the Intubrite laryngoscope, followed by the Mackintosh, TruView Evo2 and the lowest one -for the King Vision video laryngoscope. A significant statistical difference was observed for the King Vision and the rest of laryngoscopes (p < 0.05). No significant statistical differences were observed between the Macintosh, TruView Evo2 and Intubrite laryngoscopes (p > 0.05). The shortest time of intubation was achieved using the standard Macintosh blade laryngoscope. The highest satisfaction was noted for the King Vision video laryngoscope, and the lowest for -the TruView Evo2. The Intubrite was the most demanding in terms of workload, in the opinion of the participants', and the least demanding was the King Vision video laryngoscope. Conclusions: Muscle activity, namely the force used for intubation, is the smallest when the King Vision video laryngoscope is used with the highest satisfaction and lowest workload, and the highest muscle activity was proven for the Intubrite laryngoscope with the highest workload. Med Pr 2016;67(2):155-162
MATERIAL AND METHODS
The study included 13 anesthesiologists of similar seniority -8 men and 5 women (mean age: 28 years old, mean weight: 72 kg, mean height: 171 cm) with righthanded laterality. Before the trials, participants were reminded of the correct posture during intubation and the more ergonomic handling of the laryngoscope. Before all experimental trials, each anesthetist performed a training session of 10 intubations per device in order to become familiar with the manikin and avoid any learning effect during the session. The task of each of them was effective intubated manikin simulating difficult airway, using the classic Macintosh blade laryngoscope (Trufatek, Israel), Intubrite (IntuBrite, UK), TrueView Evo2 (Trufatek, Israel) and the King Vision video laryngoscope (Ambu, Netherlands) (Photo 1).
Laryngoscopes are designed to be used by holding them in the left hand. The muscles involved into the laryngoscopy process are almost all the muscles of the left upper limb and left shoulder. We had to choose the mostly used muscles which create the highest workload for an operator. The direct laryngoscopy for endotracheal intubation requires elevating patients' structures of oral cavity and throat to create a direct line between an operator's eyes and a patient's entrance to larynx (Photo 2).
The idea of the classic laryngoscope operating is to hold still the laryngoscope in the palm, avoid any movements of wrist and create space in the mouth of the patient by elevating the whole forearm in such a way that the muscles mostly involved in this process are those
INTRODUCTION
According to the standards of the American Society of Anesthesiologists, difficult intubation includes more than 2 attempts to perform classic laryngoscope intubation or intubation, which takes more than 10 min. Successful endotracheal intubation requires mental activity and no less important physical activity from the anesthesiologist, which seems to be the most plausible when the laryngoscope is used [1] . In this case adaptation or physical labor to mental and physical capacity of the man we are dealing with seems to depend on nothing else but the ergonomics. Prolonged intubation efforts cause the fatigue of a provider and influence the success of the medical procedure. Therefore, you should know that there are ambient conditions for intubation devices that may be used for making intubation using little biological-activity of muscles, proving at the same time the highest efficiency.
The aim of our study has been to demonstrate which out of the tested equipment requires a minimum of an operator's activity of selected muscles of the upper limb and to compare these devices in correlation with the efficiency and the time necessary for the proper airway protection, an operator's satisfaction with used devices and an operator's physical fatigue during intubation attempts using studied devices.
The primary outcome has been the difference in ergonomics among 4 different laryngoscopes as measured by a degree of muscle activity. The secondary outcome has been the time needed to intubate using studied devices. Analog Scale (0 -most difficult to use, 5 -most easy to operate). An operator's physical fatigue during intubation efforts was evaluated by means of the Borg's CR10 scale (0 -no fatigue, 10 -maximal efforts), modified by authors of this paper. The resulting data was compiled and was analyzed statistically using the Microsoft Office Excell Package 2003 v11.5612.5606 (Microsoft, Warszawa, Poland). The t-test for pairs with variations was used. The sample size was not calculated because of a limited number of participants.
RESULTS
The example of muscle activity recording is presented in the Figure 1 . The highest activity of all the studied muscles was observed for the Intubrite laryngoscope, followed by the one observed for the Mackintosh, TruView Evo2, and the lowest one -for the King Vision video laryngoscope, respectively: n biceps brachii -60.8 µV (standard deviation (SD) = 33.7) vs. 52 µV (SD = 28.7) vs. 49.7 µV (SD = 25.3) and 21.6 µV (SD = 14.6), n triceps brachii -18.9 µV (SD = 7.6) vs. 17.9 µV (SD = 7.6) vs. Left upper limb of intubation provider should be fixed in the wrist and movement of the limb should elevate mandible, to create space for direct visualisation of larynx, so there could be drawn a line between an operator's eyes and a patient's entrance to larynx. Line and arrow show the direction of elevation of mandible (applied force vector) and direction of direct observation of entrance to larynx / Lewa kończyna górna wykonującego intubację powinna być ustabilizowana w nadgarstku, a ruch kończyny powinien spowodować podniesienie żuchwy pacjenta w celu stworzenia miejsca na bezpośrednią obserwację wejścia do krtani, żeby możliwe było wykreślenie linii prostej między oczami intubującego a wejściem do krtani pacjenta. Linia i strzałka wyznaczają kierunek uniesienia laryngoskopu (wektor przykładanej siły) i kierunek bezpośredniej obserwacji wejścia do krtani.
Photo 2. Method of direct laryngoscopy method

Fot. 2. Sposób wykonania laryngoskopii bezpośredniej
Photo 3. Experimental model -measurement of activity of muscles used during intubation efforts using computer program and MyoPlus 2 device Fot. 3. Model badawczy -pomiar aktywności mięśni używanych w trakcie intubacji za pomocą oprogramowania komputerowego i aparatu MyoPlus 2 in the left arm and shoulder [2] . The studied muscles were: biceps brachii, triceps brachii and deltoideus in the left upper limb. Electrode placements followed the indications for the surface electromyography (sEMG) for the Non-Invasive Assessment of Muscles. To measure muscle activity, the MyoPlus 2 (Verity Medical, UK) with 2-channel sEMG test device was used (Photo 3). Muscle activity was evaluated by means of a computer program compatible with the MyoPlus 2 device. For the purpose of the study, a commercial model of a head was used for intubation purposes -the Intubation Trainer (Laerdal, Norway). The head was positioned on a table in a sniffing position that was typical for intubation, however every participant could change the position if necessary. A silicone-lubricated 7.5 mm endotracheal tube reinforced with a malleable stylet was used for each intubation. The time of successful intubation was calculated as from the moment of grasping the device to the moment of confirming the tracheal tube positioning using a self-inflating bag. The participant's satisfaction with the studied devices was evaluated using the Visual The significant statistical difference was observed for the King Vision and the rest of the laryngoscopes in the case of 3 evaluated muscles (Table 1) , and between the TruView Evo2 and the Intubrite laryngoscopes regarding the function of triceps brachii. Results of muscle activity measurements are presented in the Figure 2 and the Table 1 . Results of time of intubation calculations are presented in the Table 2 . The shortest time of intubation was achieved using the Intubrite laryngoscope, a similar result was achieved using the standard Macintosh blade laryngoscope and the King Vision video laryngoscope, and the longest time -using the TruView Evo2, and the significant statistical difference was observed when comparing the TruView Evo2 with all other laryngoscopes ( Table 2) .
The highest satisfaction was noted for the King Vision video laryngoscope, and a similar result was reported for the standard Macintosh blade laryngoscope and the Intubrite laryngoscope (p > 0.05), and the lowest satisfaction -for the TruView Evo2 (p < 0.05 comparing to King Vision). The Intubrite was the most demanding in terms of the physical workload in the opinion of participants', and the least demanding was the King Vision video laryngoscope. Results are presented in the Table 3 and 4.
DISCUSSION
The ergonomics of laryngoscopy and tracheal intubation, which involve the physical interaction between the operator and the working environment (equipment) and the underlying psychological and cognitive elements responsible for such an interaction, constitute the subject matter of the research at issue. Intubation is biomechanically defined as a complex multi-joint procedure that activates the operator's upper limb muscles during a short period of time [1] . The energy developed by muscles is transmitted to the patient's airway through the laryngoscope in the form of horizontal and perpendicular forces to expose the glottis. The traditional direct laryngoscopy using the Macintosh laryngoscope blade requires the line-of-sight alignment of the patient's mouth, pharynx, and larynx and adjustment of body posture to gain binocular vision and produce optimal lifting and pushing [2] . The laryngoscope Intubrite is advertised by the manufacturer as a new, ergonomic shape handle. In our study it has been found to be the most demanding in terms of muscle work. The TruView Evo2 laryngoscope is designed for difficult intubation and should allow to use less strength to intubate as compared to the Macintosh laryngoscope. This was observed in our study. Video laryngoscopes constitute a group of airway devices which allow to intubate with the smallest use of force, mitigating the risk of airway injuries. The idea of using video laryngoscopes instead of a classic direct laryngoscopy device which is the Macintosh blade laryngoscope is to project laryngeal view to monitor that and allow to separate operation area -oral cavity and pharynx from visualization area. The video laryngoscopes allow to visualize entrance to larynx using less maneuvers and potentially less force. All these factors contribute to reduction of the task workload that is defined as the cost incurred by the operator to achieve a particular level of task [3] . We observed this also in our study, as the video laryngoscope King Vision required the smallest muscle activity during intubation efforts. That suggests that if it is used for prolonged intubation efforts or multiple intubation attempts, it will cause the smallest physical fatigue of a provider.
The induction phase (including intubation) is a period of high workload in anesthesia clinical practice. The interaction between operators and their working environment during laryngoscopy is poorly understood. Numerous studies have focused on the forces applied to the patient's airway during laryngoscopy, but only few authors have addressed an operator's muscle activity and workload. There is a very small number of works evaluating muscle activity or work force of a provider during intubation procedure [1] . Those available ones rather concentrate on an intubator's posture or movement than on work load of this procedure [4] .
The anesthetists report a perception of less fatigue and better ease of use in the case of the video laryngoscopes but the components of perceived workload during laryngoscopy have not been clarified [5, 6] .
During the last 30 years, numerous investigators have studied the forces applied to manikins or the patient's airway during laryngoscopy [7] [8] [9] [10] [11] [12] [13] , but only few researchers have focused on the operator's muscular activity and effort during the direct and indirect laryngoscopy [5, 14] .
Since generating the appropriate force constitutes a possible limiting factor, video laryngoscopes could be useful to avoid errors due to the difficulty of laryngoscopy and differences in physical strength typically identified in novice females [15] . Nevertheless, the relationship between force and error during laryngoscopy has not been demonstrated and further studies are needed.
The muscular fatigue is a significant problem during the direct laryngoscopy and the introduction of more ergonomically efficient devices would decrease taskrelated workload. The muscle fatigue may be a significant problem during intubation efforts especially in the case of difficult intubation or/and difficult conditions for an operator, therefore introduction of more ergonomically efficient devices would decrease task-related workload.
Byrne and colleagues [16] validated a novel quantitative method to assess an anesthetist workload and emphasized that reducing workload in anesthesia is a prominent issue for a safe clinical practice. As a confirmation, 64% of anesthetists ascribe performance errors to excessive workload [17] .
In anesthesia practice, Weinger considers that the potential clinical benefits arising from the use of airway management strategies may be partially offset by increased workload or a reduced ability to attend to unanticipated problems or new task demands [18] . In modern anesthesiology, the main cause of serious complications, including hypoxic brain injury is connected to difficulties with airway management and oxygenation [19] . Especially in selected groups of patients like morbidly obese, because of body composition and airway anatomy, forces necessary to visualize entrance to larynx using standard laryngoscopes are significantly higher, thus the workload during intubation attempts is increased [20] . New ergonomic devices for airway management may improve situation.
In our work the shortest time of intubation was achieved with the Intubrite laryngoscope, although it required the highest workload. This suggests that the Intubrite laryngoscope, which is advertised as an ergonomic device, is the most demanding device, however it may be useful because it assures the best time of successful intubation.
Based on our results and the literature, a more ergonomic instrument, such as video laryngoscopes, will reduce physical workload and potentially enhance clinical safety.
Study limitations
A major limitation of the study was the use of the manikin, although it was intended to avoid inter-patient variability because it limits the generalizability of the results to clinical practice. Given the small sample size and the use of a manikin study model, the conceptual framework of this study is that of a pilot study with very limited generalizability, and therefore it rather constitutes a proof of concept. The validity and accuracy of non-invasive muscle activity testing is lower as compared to invasive methods but in this case invasive monitoring would not be recommended because of safety and ethics issue.
CONCLUSIONS
Muscle activity, namely the force used for intubation, is the smallest when the King Vision video laryngoscope is used with the highest satisfaction and lowest workload, and the highest muscle activity was for the Intubrite laryngoscope with the highest workload.
